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Abstract 

Background Fungi are a readily available source of naturally generated colored compounds. These compounds 
might be used as radiosensitizers for treating cancer cells.

Methods Aspergillus nidulans was examined for its color-producing ability in Potato dextrose agar (PDA) broth 
medium. The pigment was characterized by Ultraviolet (UV) spectrophotometer and Gas Chromatography Mass 
Spectrometry (GC/MS). Pigment extracts from A. nidulans were studied for their cytotoxic effects on the growth 
of human larynx carcinoma cell line (HEp-2) with or without exposure to  γ-radiation at three different doses (5, 10, 
and 15 Gy).  A. nidulans pigment cytotoxic activity was tested against normal Vero cells. Cell apoptosis was studied 
using flow cytometry. Gene expression of P53, Caspase 3 and Bcl-2 were quantified.

Results Ultraviolet spectrum and GC/MS revealed the ability of Aspergillus nidulans to produce Rhodopin pigment. 
HEp-2 cells treated with A. nidulans pigment only give  IC50 about 208 µg/ml. In contrast, when treated with the pig-
ment  +10 Gy γ-radiation, it give about 115 µg/ml. However, for normal cells, lower cytotoxic activity was detected. 
Treatment with pigment (208 g/mL) caused about 50% ± 1.0  total apoptosis level and gene expression of P53: 2.3 
fold and Caspase 3: 1.84 fold in respect to untreated HEp-2), while Bcl-2 was decreased (Bcl-2: 0.63 fold in respect 
to untreated HEp-2). Furthermore, treated with pigment (115 µg/mL) + 10Gy caused about 47.41% ± 1.7 total apop-
tosis level and P53: 2.53 fold and Caspase 3: 2.0 fold in respect to untreated HEp-2, while Bcl-2 was downregulated 
(Bcl-2: 0.61 fold in respect to untreated HEp-2).

Conclusion This study concluded that the anti-cancer activity of Aspergillus nidulans pigment was enhanced by ion-
izing radiation at 10 Gy, as well as its low cytotoxic activity against normal Vero cells.
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Introduction
There are 211,000 new instances of laryngeal cancer (LC) 
each year, with an expected 126,000 deaths [1]. LC is a type 
of cancer that often manifests in adults in their sixth or 
seventh decade with a history of substantial tobacco and 
alcohol usage [2]. Radiotherapy is one of the most effective 
cancer treatment methods. Approximately 60% of all can-
cer patients are treated with ionizing radiation (IR) [3].

Radiotherapy targets particular areas of the body 
with exact quantities of radiation. In radiotherapy (RT), 
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ionizing radiation such as X-rays, gamma-rays, elec-
trons, neutrons, and charged particles are employed. 
This radiation may destroy cells by directly interacting 
with critical targets and indirectly producing free radi-
cals [4, 5].

The majority of radiosensitizers are used to radiosen-
sitize cancer cells. Radiosensitizers are substances that, 
when used together with radiation, sensitize cancer cells, 
resulting in greater tumor inactivation by increasing the 
molecular absorption of free radicals produced by radia-
tion damage [6].

Fungi are among the many microorganisms that pro-
duce pigments that may be utilized safely as natural anti-
oxidants [7]. Fungal pigments are attracting the interest 
of pharmaceutical companies as potential drug sources 
for treating a wide range of fatal illnesses, including car-
diovascular disorders, Alzheimer’s disease, human car-
cinomas (hepatoma, breast, lung, colorectal, gastric, 
pancreatic, leukemia, hematopoietic, renal cell, and other 
cancers), infectious diseases, and parasitic diseases such 
as malaria. Among the fungal pigments, are carotenoids. 
All Carotenoids have excellent antioxidant properties and 
aid in the preventing of cancer, diabetes, immune system 
weakness, cardiovascular disease, and cataract develop-
ment [8]. Numerous natural carotenoids, in addition to 
β-carotene, have been demonstrated to have anticarcino-
genic potential, with some exhibiting more potent activ-
ity than β-carotene [9].

Apoptosis occurs automatically in malignant tumors, 
significantly slowing their growth, and it takes place in 
cancers that react to irradiation, cytotoxic chemother-
apy, heating, and hormone ablation [10]. P53 works as a 
genome protector and is a key regulator of cell prolifera-
tion, growth, and transformation. The P53 tumor sup-
pressor gene is altered in more than half of all human 
malignancies, and its oncogenic activity is due to its abil-
ity to interfere with P53-dependent apoptosis via a domi-
nant negative mechanism [11].

Inducing apoptosis in cancer cells by targeting essential 
apoptosis regulators remains a promising and success-
ful technique for drug discovery and the developing of 
novel anticancer medicines. Caspase 3 is an enzyme that 
is required for apoptosis to occur. The caspase (cysteine-
aspartate protease) family is one of six protease families 
whose activities are closely connected to the processes 
of programmed cell death (apoptosis, pyroptosis, and 
necroptosis) and inflammation [12]. Caspase  3 activity 
indicates irreversible cell death [13]. Bcl-2 (B cell lym-
phoma 2) is an anti-apoptotic gene that plays a crucial 
function in apoptosis regulation. A decrease in Bcl-2 
expression results in apoptosis [14].

In this study, we enhanced the anticancer activity of 
natural pigment derived from A. nidulans by combining 

it with gamma rays at different doses (5, 10, and 15 Gy) to 
test its effectiveness against HEp-2 cells.

Materials and methods
Materials

• Fungal strains: The test organism Aspergillus nidu-
lans 002018(2) was collected from the Regional 
Center for Mycology and Biotechnology (RCMB) 
et al.-Azhar University.

•  FITC Annexin V Apoptosis Detection Kit I (BD Bio-
sciences, cat. No. 556547).

• RNeasy Mini Kit (Qiagen, Cat. No. 74104).
• Revert Aid First Strand cDNA synthesis kit (Thermo 

Scientific, Cat. No. K1622).
• QIAGEN QuantiTect® SYBR® Green PCR kit (Qia-

gen, Cat. No. 204143).

Qualitative screening for pigment production
The color-producing capacity of the test organism Asper-
gillus nidulans was investigated. Sterilized Potato Dex-
trose agar medium (pH 7.0) was cooled to 45 °C and 
aseptically transferred to a pre-sterile Petri plate. After 
adequate mixing and solidification, the fungal species 
was injected at the center of the pour-plated plates with 
the  medium in triplicates The plates were incubated in 
the incubator for 7 days at 28 ± 1 °C. Fungal colonies’ 
growth patterns and pigment-producing abilities were 
tested on different days (after 1, 3, 5, and 7). After each 
incubation period, the colonies were examined for hyphal 
growth and pigment generation [15].

Production of microbial pigments
The organism under study, Aspergillus nidulans, was 
placed in a medium containing PDA broth (pH 7.0). For 
15 days, the infected flasks were housed in an incubator 
at 28 ± 1 °C under stable conditions and darkness, with 
occasional inspection at varied intervals.

In vitro pigment extraction and assay
According to the technique presented by Velmurugan 
et  al. (2010) [16], The pigment was obtained from bio-
mass. Five grams of the  cooled fresh mycelial mat were 
gently removed and rinsed with sterile distilled water. 
The water was changed several times during each wash 
until the water flow became clear. Then ethanol (90%) 
was added to the test tube, the ratio of ethanol to water 
was 1:10 (10 mL ethanol per gram of biomass). They were 
immersed in ethanol and then in a boiling water bath 
to isolate the colors from the mycelial mats. The myce-
lial mat was homogenized to produce a suspension with 
a little  acid-washed and oven-sterilized sand. This was 
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done to eliminate any remaining colors in the biomass 
or mycelial mats. The slurry was filtered using Whatman 
No. 1 filter paper after sitting for 15 min and running 
through an orbital shaker set to 200 rotations per min-
ute for one hour. The absorbance of the colored extract or 
pigment produced was evaluated at 500 nm using UV–
visible Spectroscopy Analysis [17].

GC–MS analysis and conditions
A Trace GC1310-ISQ mass spectrometer (Thermo Sci-
entific, Austin, TX, USA) with a direct capillary column 
TG-5MS (30  m × 0.25  mm × 0.25  m film thickness) was 
used to analyze the chemical composition of materi-
als. The column oven temperature was initially kept at 
50 °C before increasing by 5 °C/min to 230 °C for 2 min, 
increased at 30  °C/min to a final temperature of 290  °C 
and held for 2  min. The injector and MS transfer line 
temperatures were fixed at 250  °C and 260  °C, respec-
tively; helium was utilized as a carrier gas at a constant 
flow rate of 1 mL/min. The solvent delay was 3 min, and 
1  µl  diluted samples were injected automatically using 
an Autosampler AS1300 linked with a GC in split mode. 
In full scan mode, mass spectra were obtained at 70 eV 
ionization voltages over m/z 40–1000. The temperature 
of the ion source was fixed at 200  °C. The components 
were identified by comparing their retention durations 
and mass spectra to the mass spectral databases WILEY 
09 and NIST 11.

Gamma irradiation
Cell lines were exposed to different doses of 5, 10, and 15 
Gy by using cesium 137 as a source of gamma radiation 
(Gamma cell − 40 Canadian, Activity 3032 Ci, Dose rate: 
0.675 rad/second at the time of experiment at room tem-
perature), At NCRRT, Cairo, Egypt.

Anticancer activity using MTT assay
Cytotoxic effects on HEp-2 (Human Larynx carcinoma 
cell line) were studied in three groups:

Group (1): HEp-2 cells were incubated for 24 h in a 
tissue culture medium after exposure to different  
γ-radiation doses (5, 10, and 15Gy).
Group (2): HEp-2 cells were incubated for 24 h  in 
a tissue culture medium with different dilutions of 
A. nidulans pigment ranging from 15.63  μg/mL to 
500 μg/mL.
Group (3): HEp-2 cells were incubated for 24 h in 
a tissue culture medium with different dilutions 
of A. nidulans pigment ranging from 15.63  μg/
mL to 500  μg/mL after exposure to different  
γ-radiation doses (5, 10, and 15Gy).

The plates were incubated for 24 h at 37°C in a humidi-
fied incubator with 5%  CO2. Then, the culture superna-
tant was replaced with fresh media. The cells in each well 
were then treated for 4 h at 37°C with 100 µL of MTT 
solution (5 mg/mL). The MTT solution was then with-
drawn, and 100 µL of DMSO was added to each well. A 
microplate ELISA reader (SunRise TECAN, USA) was 
used to measure absorbance at 570 nm [18].

Cytotoxicity on normal cell
The MTT assay assessed the viability of normal Vero 
cells after  treatment with pigment  with or without irra-
diation  at 10 Gy. Vero (Normal monkey kidney cell line) 
was cultivated in RPMI media for 24 h until confluence, 
then treated with various substances and incubated for 
another 24 h at 37°C. The MTT assay was applied as in 
the previous experiment.

Flow cytometry analysis of cell apoptosis
After 24 h of incubation with the extracted pigment with 
or without exposure to 10 Gy ionizing γ-radiation, apop-
tosis detection was investigated using  FITC Annexin 
V Apoptosis Detection Kit I (BD Biosciences,  cat. No. 
556547). Cells were collected and washed twice with cold 
PBS before being resuspending in 1X Binding Buffer at a 
concentration of 1 ×  106 cells/ml. 100  µl of the solution 
(1 ×  105 cells) was transferred to a clean tube, then mixed 
with 5 µl of FITC Annexin V and 5 µl of PI. Cells were 
gently mixed and incubated  in  the dark for 15  min at 
room temperature (25 °C). Each tube was then filled with 
400 µl of 1X Binding Buffer. After 30 min, the cells were 
analyzed with a flow cytometer (BD Accuri™ C6 Plus).

Determination of gene expression of P53, Caspase 3 
and Bcl‑2
Total RNA was extracted from cell suspension using 
the RNeasy Mini Kit (Qiagen, Cat. No. 74104) follow-
ing the manufacturer’s instructions. RNA concentra-
tion and purity were determined using Nabi- UV/Vis 
Nano Spectrophotometer, MicroDigital co.,Ltd.,Korea. 
The RNA was used as a template for first-strand com-
plementary deoxyribonucleic acid (cDNA) production 
using the Revert Aid First Strand cDNA synthesis kit 
(Thermo Scientific, Cat.No. K1622). The Rotor-Gene 
Q RT-PCR cycler from QIAGEN was used for quan-
titative RT-PCR. The cDNA (3 μl) was amplified in 
a 25 μl reaction mixture using the QIAGEN Quanti-
Tect® SYBR® Green PCR kit (Cat. No.204143) and 
primers specified in Table  1. The sequences of P53, 
Caspase  3, and Bcl-2 oligonucleotide primers were 
chosen in accordance with Mansour et  al. (2021) 
[19]. After a 15-min Taq activation step at 95 °C (hot 
start), reactions were subjected to 45 cycles of 15 s of 
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denaturation at 94 °C, 30 s of annealing at 60 °C, and 
30 s of extension at 72 °C. ΔΔCt method was used to 
determine the relative expression of the real-time 
reverse transcriptase PCR products. This approach 
estimates a relative expression to the housekeep-
ing gene using the equation fold induction =  2−(ΔΔCt). 
Where ΔΔ Ct = Ct [gene of interest (unknown sample)-
Ct housekeeping gene (unknown sample)]—[Ct gene 
of interest (calibrator sample)—Ct housekeeping gene 
(calibrator sample)] [20].

Statistical analysis
The results were displayed as mean ± standard devia-
tion of the mean (S.D.). One-Way ANOVA was used to 
analyze the data, following the Tukey–Kramer multiple 
comparison test. The statistical analysis and graphical 
presentations have been carried out using Graph Prism 
software, version 5, Inc., USA. For all statistical tests, 
the level of significance was set at P < 0.05.

Results
Qualitative screening for pigment production
On PDA plates, Aspergillus nidulans capacity for pig-
ment production was analyzed to determine its efficacy 
(Fig. 1A). The plate method, on the other hand, was not 
appropriate for quantifying Pigment. As a result, the 
strains were further investigated by screening them on 
the PDA broth medium, where the highest pigment pro-
duction was found (Fig. 1B). Pigment with dark red was 
extracted using 90% ethanol (Fig. 1C).

UV–visible spectroscopy analysis
The ultraviolet spectrum revealed the presence of benefi-
cial color pigments produced by the Aspergillus nidulans 
at peaks from 450 to 550nm (Fig. 2).

GC–MS analysis
The ethanol extract of Aspergillus nidulans was sepa-
rated by GC/MS to detect the extract’s main constitu-
ents. Table  2 and Fig.  3 represented the compounds in 
the extract are Dimethylsulfoxonium formylmethylide, 
Dodecanoic acid, Methyl ester, Methyl tetradecanoate, 

Table 1 Primer sequences for the genes amplified

Gene Strand Sequence 5`—3` Product length (bp) Ref. Seq

P53 F CGC TTC GAG ATG TTC CGA GAG 102 NM_000546
R CTT CAG GTG GCT GGA GTG AG

Caspase 3 F GAA GCG AAT CAA TGG ACT CTGG 127 NM_004346
R GAC CGA GAT GTC ATT CCA GTGC 

Bcl‑2 F TTG ATG GGA TCG TTG CCT TATGC 107 NM_000657
R CAG TCT ACT TCC TCT GTG ATG TTG 

GAPDH F GAC CTG ACC TGC CGT CTA G 98 NM_002046
R TAG CCC AGG ATG CCC TTG AG

Fig. 1 Production of Aspergillus nidulans pigments on; (A) PDA media and (B) PDA broth media. C Ethanol extract
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Hexadecanoic acid, Methyl ester, 5-(7a-Isopropenyl-
4,5-dimethyl-oct ahydroinden-4-yl)-3-methyl-penta-
2,4-dien-1-ol, 9-Octadecenoic acid, methyl ester, 
cis-5,8,11,14,17-Eicosapentaenoic acid, Docosanoic acid, 
Methyl ester, Diisooctyl phthalate, Ethyl iso-allocholate, 
1H-2,8a-Methanocyclopenta[a]cycl opropa[e]cyclode-
cen-11-one, 1a,2,5,5a,6,9,10,10a-octahydro-5,5a,6-tri-
hydroxy-1,4-bis(hydroxymethy l)-1,7,9-trimethyl-, [1S-(
1à,1aà,2à,5á,5aá,6á,8aà,9à,10 aà)]-, Stigmast-5-en-3-ol, 
(3á,24S)-, Rhodopin. So, the GC/MS revealed The ability 
of Aspergillus nidulans to produce Rhodopin pigment.

Rhodopin (1,2-dihydro-ψ,ψ-carotene-1-ol) is a carot-
enoid. Carotenoids, or tetraterpenoids, are organic pig-
ments that can be yellow, orange, or red. These pigments 
are produced by a variety of microorganisms, including 
fungi.

Antitumor activity
Using MTT assay, the in  vitro cytotoxic effect on the 
growth of HEp-2 (Human Larynx carcinoma cell line) 
after exposure to three doses of  γ- radiation  (5, 10, 
and 15 Gy) was studied in comparison with the cyto-
toxic effect on the growth of HEp-2 with A. nidulans 
pigment ranging from 500 μg/mL to 15.63 μg/mL. In 
addition to the cytotoxic effect of both gamma rays 

and A. nidulans pigment. The highest antitumor activ-
ity was recorded with A. nidulans pigment plus 10 Gy 
gamma radiation compared to A. nidulans pigment 
alone. At the same time, no antitumor activity was 
observed from the A. nidulans pigment with 5 and 15 
Gy  γ-radiation and the irradiated control cells at 5,10, 
and 15 Gy without Pigment (Figs.  4,5). The best  IC50 
values were recorded at a dose of 10 Gy, about 115 μg/
mL. In contrast,  IC50 values of un-irradiated HEp-2 
cells with A. nidulans pigment were measured at 208 
μg/mL (Table 3).

Cytotoxic activity on normal vero cells
From the results in Table 4, it was observed that the cyto-
toxic activity of the  pigment without irradiation on nor-
mal Vero cells was lower than on HEp-2 cells in which 
 IC50 value was increased from 208 µg/mL to 223 µg/mL. 
Also, the  IC50 value of the  pigment with irradiation at 10 
Gy on Vero cells was increased from 115 µg/mL to 215 
µg/mL. No cytotoxic activity was observed on normal 
Vero cells after exposure to 10 Gy without pigment.

Apoptosis by flow cytometry
The results obtained from Annexin V/Propidium Iodide 
flow cytometry assay are shown in Fig. 6. As it turns out 

Fig. 2 UV–visible absorption spectrum of pigment produced from Aspergillus nidulans
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in Fig.  7, the total apoptosis level (early and late apop-
totic cells) were signifcantly increased in HEp-2 cells 
treated with 208 g/mL A. nidulans pigment (50% ± 1.0) 

and HEp-2 cells treated with 115 µg/mL A. nidulans pig-
ment + 10 Gy of ionizing radiation (47.41% ± 1.7) com-
pared to the untreated cells (p < 0.05).

Table 2 Chemical constitutes of Aspergillus nidulans extract separated by GC–MS

RT Chemical name Formula Peak area (%)

5.91 Dimethylsulfoxonium formylmethylide C4H8O2S 10.66

17.71 Dodecanoic acid, methyl ester C13H26O2 0.50

22.11 Methyl tetradecanoate C15H30O2 0.91

26.21 Hexadecanoic acid, methyl ester C17H34O2 21.50

27.53 Hexadecanoic acid C16H32O2 5.12

28.18 5-(7a-Isopropenyl-4,5-dimethyl-oct ahydroinden-4-yl)-3-methyl-penta-2,4-dien-1-ol C20H32O 0.73

29.26 9,12-Octadecadienoic acid (Z,Z)-, methyl ester C19H34O2 8.25

29.39 9-Octadecenoic acid, methyl ester, (E) C19H36O2 17.39

29.50 9-Octadecenoic acid, methyl ester, (E)- C19H36O2 6.15

29.87 Octadecanoic acid, methyl ester C19H38O2 10.53

30.18 cis-5,8,11,14,17-Eicosapentaenoic acid C20H30O2 0.76

30.51 9-Octadecenoic acid (Z)- C18H34O2 1.34

30.93 9-Octadecenoic acid (Z) C18H34O2 1.40

33.21 Eicosanoic acid, methyl ester C21H42O2 1.15

34.79 Ethanol, 2-(9-octadecenyloxy)-, (Z)- C20H40O2 0.64

36.35 Docosanoic acid, methyl ester C23H46O2 0.94

36.64 Diisooctyl phthalate C24H38O4 1.95

42.85 Ethyl iso-allocholate C26H44O5 0.87

43.51 1H-2,8a-Methanocyclopenta[a]cycl opropa[e]cyclodecen-11-one, 1a,2,5,5a,6,9,10,10a-octahy-
dro-5,5a,6-trihydroxy-1,4-bis(hydroxymethy l)-1,7,9-trimethyl-, [1S-(1à,1aà,2à,5á,5aá,6á,8aà
,9à,10 aà)]-

C20H28O6 1.52

43.75 Stigmast-5-en-3-ol, (3á,24S)- C29H50O 1.07

44.78 Ethyl iso-allocholate C26H44O5 2.71

45.89 Ethyl iso-allocholate C26H44O5 0.79

47.15 Rhodopin C40H58O 1.11

47.44 Rhodopin C40H58O 0.54

48.61 Rhodopin C40H58O 1.50

Fig. 3 GC–MS chromatogram of Aspergillus nidulans extract
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Gene expression of P53,Caspase 3 and Bcl‑2
Treated with the pigment extracted from A. nidulans 
(208 µg/mL) manifested a significant (P ≤ 0.05) increase 
in P53 and Caspase 3 genes expression (P53: 2.3 fold and 
Caspase 3: 1.84 fold in respect to untreated HEp-2), while 
Bcl-2 was downregulated (Bcl-2: 0.63 fold in respect to 
untreated HEp-2). Moreover, treatment with the pigment 
extracted from A. nidulans (115 µg/ml) and exposure to 
10 Gy ionizing γ-radiation results in higher expression 
than the pigment extracted from A. nidulans only with 
a higher dose (P53: 2.53 fold and Caspase  3: 2.0 fold in 
respect to untreated HEp-2), while Bcl-2 was downreg-
ulated (Bcl-2: 0.61 fold in respect to untreated HEp-2). 
(Table 5 and Fig. 8).

Discussion
Since the discovery of penicillin, fungi have been one of 
the most important sources of therapeutic compounds, 
including antibiotics, anticancer drugs, and cholesterol-
lowering pharmaceuticals [21]. Many fungi are read-
ily generated in lab conditions, in addition to their vast 
dispersion and ability to create secondary metabolites 
such as pigments with medicinal significance. Both fun-
damental research and the pharmaceutical business are 
interested in the potential of large-scale manufactur-
ing [22]. Fungi create pigments with various structures 
and colors. These fungi include Monascus, Aspergillus, 
Penicillium, and Paecilomyces [23] pigments are classi-
fied into four types: carotenoids, melanins, polyketides, 
and azaphilones (polyketide derivatives) [24, 25]. Natu-
ral chemicals with anticancer potential are promising 
sources for treating various malignancies. One of these 
natural substances is fungi pigments [26].

In accordance with prior research, the current study 
discovered Aspergillus nidulans’ ability to form colors on 
broth PDA medium. According to Saitou and Nei (1987) 
[27], there is a lot of promise in the amazing color spec-
trum of pigments generated by ascomycetous fungus 
in the red and yellow spectra. Aspergillus and Penicil-
lium genera microbes have also been studied as possible 
sources of natural pigments [28].

In the current study, the crude extract of the culture 
of Aspergillus nidulans was analyzed on GC/MS. Differ-
ent compounds were separated from GC; among these 

Fig. 4 Effect of different  γ-radiation doses on HEp-2 cells

Fig. 5 The antitumor activity of the pigment extracts of A. nidulans 
(An) without irradiation and with 5, 10, and 15 Gy γ-irradiation after 
24 h of treatment against HEp-2 cells

Table 3 IC50 values of A. nidulans pigment extracts (An) and/
or irradiation on HEp-2 cells

IC50 (µg/mL)

 5Gy  > 500

 10 Gy  > 500

 15 Gy  > 500

An (without irradiation) 208 ± 0.46

 An + 5 Gy  > 500

 An + 10 Gy 115 ± 0.76

 An + 15 Gy  > 500

Table 4 IC50 values of the pigment extracts of A. nidulans (An) 
with or without irradiation on normal Vero cells

IC50 (µg/mL)

 10Gy  > 500

 An (without irradiation) 223 ± 0.53

 An + 10 Gy 215 ± 0.32
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compounds, Rodopin. Rhodopin is a carotenol with the 
chemical formula 1,2-dihydro-psi,psi-carotene with a 
hydroxyl group at the C-1 position. It acts as a metabo-
lite in the bodies of bacteria. This substance also contains 
carotenol and tertiary alcohol. Rhodopin is a naturally 
occurring chemical generated by Rhodomicrobium vann-
ielii, Afifella marina, and perhaps more species for which 
data is currently available. Carotenoids are tetraterpe-
noids that are organic pigments that are yellow, orange, 
and red in color. Plants, algae, bacteria, and fungi pro-
duce these colors [29].

Campanhol et  al. (2023) reported that the identified 
spore pigment ascoquinone and asperthecin of A. nidu-
lans protect ascospores from UV light which can absorb 
light in the UV range [30]. as well Han et al. (2020) and 
Zhang et  al. (2020) Reported that Aspergillus nidulans 
bear pigmented ascospores which protect the fungi from 
UV radiation. The red pigment was a polyketide-derived 
dimeric hydroxylated anthraquinone [31, 32].

Furthermore, radiation treatment eliminates tumor 
cells while causing little injury to healthy organs. 
Depending on the kind of radiation, dosage, fractionation 
rate, and target organ, ionizing radiation can biologically 
kill cancer cells [33]. Radiation treatment targeting can-
cer cells can be enhanced without hurting healthy cells by 
using radiosensitizers for tumor cells and radioprotectors 
for normal cells [6].

According to the present study, the pigment extracts 
of A nidulans were tested for anticancer activity against 
HEp-2 cell line. Compared to A. nidulans pigment 
alone, A. nidulans pigment  +10 Gy  γ-radiation dem-
onstrated the best anticancer activity. Simultaneously, 
no anticancer activity was found from A. nidulans pig-
ment with 5 and 15 Gy  γ-radiation or irradiated  cells 
with 5, 10, and 15 Gy without pigment. The best  IC50 
values, around 115 g/mL, were obtained at a dosage of 
10 Gy with A. nidulans pigment. The  IC50 value of A. 
nidulans pigment in unirradiated HEp-2 cells was 208 
g/mL. Gonçalves et al. (2015) revealed the mutagenicity 

Fig. 6 Showing flow cytometer results. Where (a) control (HEp-2 without treatment), (b) treated with the pigment extracted from A. nidulans 
(208 µg/mL), (c) exposed to 10 Gy ionizing γ-radiation, and (d) treated with the pigment extracted from A. nidulans (115 µg/mL) + 10 Gy ionizing 
γ-radiation
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and cytotoxicity of melanin pigment extracted from A. 
nidulans after its exposure to liver S9 enzymes [34]. 
Also, siderophore pigment extracted from A. nidulans 
was observed to have activity against HepG-2 [35].

Various treatment techniques combining radio-
therapy and chemotherapy have been advocated as an 
alternative to primary surgery, which often entails a 
total laryngectomy, in locally advanced laryngeal and 
hypopharyngeal carcinoma to preserve laryngeal func-
tion. However, a viable alternative must exhibit effi-
cacy equivalent to surgical intervention followed by 
radio(chemo)therapy [36]. So, the increased inhibitory 
activity after using A. nidulans pigment combined with 
radiation at 10 Gy can be supported by the previous 
studies, which concluded that radiotherapy could be 
enhanced by using radiosensitizing agents [37].

The results of the present study also suggest the low 
cytotoxic effect of A. nidulans pigment on normal Vero 
cells with  IC50 value of 223 μg/mL. A decrease in the 
effect on the normal cells than cancer cells was observed 
after exposing the cells to the pigment and irradiation at 
a dose of 10 Gy with  IC50 value 215 μg/mL. Ionizing radi-
ation is used for killing cancer cells. However, it is also 
toxic to normal cells and causes cellular damage and dif-
ferent side effects. So, naturally occurring compounds 
have been shown to be non-toxic or low toxic on normal 
cells and are inexpensive and effective. Natural com-
pound can be used as radioprotectors to inhibit radia-
tion-induced toxicities or decreased toxicity on normal 
cells [38].

The present study showed that HEp-2 cell line treat-
ment with A. nidulans pigment at a 208 µg/mL dose sig-
nificantly increased apoptosis. Moreover, HEp-2 cell line 
treated with pigment at a dose of 115 µg/mL and exposed 
to 10 Gy of γ-radiation results in nearly similar apoptosis 
percentages. Gene expression of P53 and Caspase 3 after 
treatment with 208 µg/mL A. nidulans pigment mani-
fested a significant increase, while Bcl-2 gene expression 
decreased (P53: 2.3 fold, Caspase  3: 1.84 fold, and Bcl-
2: 0.63 fold in respect to untreated HEp-2). Moreover, 
treatment with 115 µg/mL A. nidulans pigment + 10 Gy 
ionizing γ-radiation results in higher expression for P53 
and Caspase 3 and lower expression for Bcl-2 (P53: 2.53 
fold, Caspase 3: 2.0 fold, and Bcl-2: 0.61 fold in respect to 
untreated HEP-2). Carotenoids are being studied exten-
sively for their anticancer properties [39]. Carotenoids 
are a type of fungal pigment and are well-recognized in 
the normal cellular environment for their antioxidant and 
anticancer properties [40]. However, in cancer cells with 
a high intracellular ROS level, carotenoids may behave as 
powerful pro-oxidant agents and induce ROS-mediated 
apoptosis [41]. Carotenoids stimulate ROS production, 
which is followed by mRNA expression of caspase-3, 
-7, and -9, Bax, and p53, with concomitant inhibition 
of antiapoptotic Bcl-2. These events cause nuclear con-
densation, mitochondrial membrane potential loss, cas-
pase-3 protein activation, and nuclei DNA breakage [42]. 
P53 regulates the cell cycle and is essential in ensuring 
that damaged cells are destroyed through apoptosis. 
Bcl-2 is an antiapoptotic protein that is a member of the 
B-cell lymphoma-2 (BCL-2) family. Bcl-2 inhibits apop-
tosis by attaching to proapoptotic members and inhibit-
ing their activity [43].

Flowcytometery results showed that HEp-2 cell line 
treatment with 208 µg/mL A. nidulans pigment mani-
fested a significant increase in apoptosis ((50% ± 1.0). 
Moreover, HEp-2 cell line treated with 115 µg/mL A. 
nidulans pigment and exposed to 10 Gy of γ-radiation 

Fig. 7 Apoptosis level (early and late apoptotic cells) in HEp-2 cells 
treated with 208 g/mL A. nidulans pigment (An), 10 Gy ionizing 
radiation, and 115 µg/mL A. nidulans pigment + 10 Gy of ionizing 
radiation (An + 10 Gy) using fow cytometry. The results are shown 
as mean ± SD in triplicate (n = 3). Where, *** Extremely significant 
compared to untreated cells at p ≤ 0.05

Table 5 Gene expression of P53, Caspase 3 and Bcl-2

Each value represents the mean ± standard deviation
* Significant difference versus control group at p ≤ 0.05
** Very significant versus control group at p ≤ 0.05
*** Extremely significant versus control group at p ≤ 0.05

P53 Caspase 3 Bcl‑2

Control (untreated 
HEp-2)

1.02 ± 0.08 1.03 ± 0.15 1.02 ± 0.12

An 2.3 ± 0.1** 1.84 ± 0.11** 0.63 ± 0.06**

10 Gy 2.1 ± 0.38* 1.4 ± 0.10 0.84 ± 0.08

An + 10 Gy 2.53 ± 0.45** 2.0 ± 0.26 *** 0.61 ± 0.09**
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results in nearly similar apoptosis percentage 
(47.41% ± 1.7).

The current study concluded that the anticancer 
activity of natural pigment derived from A. nidulans 
was enhanced by combining gamma rays at a dose of 
10 Gy against HEp-2 cells with low cytotoxic activity 
against normal Vero cells.

Acknowledgements
Not applicable.

Authors’ contributions
All listed authors Hanaa Y. Ahmed, Eman M. El Gazzar, Nesreen Safwat, and, 
Monda M. M. Badawy contributed to giving the concepts of the work, doing 
the practical parts, interpreting the results, and preparing the manuscript. All 
authors read and approved the final manuscript.

Funding
Open access funding provided by The Science, Technology & Innovation 
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 
(EKB). This research did not receive any specific grant from funding agencies in 
the public, commercial, or not-for-profit sectors.

Availability of data and materials
All data generated or analyzed during this study are included in this article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 18 May 2023   Accepted: 9 September 2023

References
 1. Global Burden of Disease Cancer Collaboration et al. “Global, Regional, 

and National Cancer Incidence, Mortality, Years of Life Lost, Years Lived 
With Disability, and Disability-Adjusted Life-Years for 29 Cancer Groups, 

Fig. 8 Gene expression of P53, Caspase 3 and Bcl-2



Page 11 of 11Ahmed et al. BMC Complementary Medicine and Therapies          (2023) 23:327  

1990 to 2017: A Systematic Analysis for the Global Burden of Disease 
Study.” JAMA oncol. 2019;5(12):1749–1768. https:// doi. org/ 10. 1001/ jamao 
ncol. 2019. 2996.

 2. Aupérin A. Epidemiology of head and neck cancers: an update. Curr Opin 
Oncol. 2020;32(3):178–86. https:// doi. org/ 10. 1097/ CCO. 00000 00000 000629.

 3. Moding EJ, Kastan MB, Kirsch DG. Strategies for optimizing the response 
of cancer and normal tissues to radiation. Nat Rev Drug Discovery. 
2013;12(7):526–42. https:// doi. org/ 10. 1038/ nrd40 03.

 4. Gupta, Subash C., et al. "Upsides and downsides of reactive oxygen species 
for cancer: the roles of reactive oxygen species in tumorigenesis, preven-
tion, and therapy." Antioxidants & redox signaling . 2012;16(11):1295–1322. 
https:// doi. org/ 10. 1089/ ars. 2011. 4414.

 5. Yang Y-C, Chiang C-S. Challenges of using high-dose fractionation radio-
therapy in combination therapy. Front Oncol. 2016;6:165. https:// doi. org/ 10. 
3389/ fonc. 2016. 00165.

 6. Wasserman TH, Chapman JD. Radiation response modulation. Part A. 
Chemical sensitizers and protectors. Perez & Brady’s principles and practice 
of radiation oncology. 4th ed. Philadelphia, PA: Lippincott Williams & Wilkins; 
2004.

 7. Kirti, Kushwaha, et al. "Colorful world of microbes: carotenoids and their 
applications." Advances in Biology. 2014;2014:1–13. https:// doi. org/ 10. 1155/ 
2014/ 837891.

 8. Miki W. Biological functions and activities of animal carotenoids. Pure Appl 
Chem. 1991;63(1):141–6. https:// doi. org/ 10. 1351/ pac19 91630 10141.

 9. Nishino, Hoyoku, et al. "Carotenoids in cancer chemoprevention." Cancer 
Metastasis Rev. 2002;21:257–264. https:// doi. org/ 10. 1023/a: 10212 06826 750.

 10. Kerr JF, Winterford CM, Harmon BV. Apoptosis. Its significance in cancer and 
cancer therapy. Cancer. 1994;73(8):2013–26.

 11. Sigal A, Rotter V. Oncogenic mutations of the p53 tumor suppressor: the 
demons of the guardian of the genome. Cancer res. 2000;60(24):6788–93.

 12. Julien O, Wells JA. Caspases and their substrates. Cell Death Differ. 
2017;24(8):1380–9. https:// doi. org/ 10. 1038/ cdd. 2017. 44.

 13. Yu Z-Q, et al. Possible involvement of cathepsin B/D and caspase-3 in 
deferoxamine-related neuroprotection of early brain injury after subarach-
noid haemorrhage in rats. Neuropathol Appl Neurobiol. 2014;40(3):270–83. 
https:// doi. org/ 10. 1111/ nan. 12091.

 14. Ramya N, et al. Anti-cancer activity of Trachyspermum ammi against MCF7 
cell lines mediates by p53 and Bcl-2 mRNA levels. J Phytopharmacol. 
2017;6(2):78–83.

 15. Ellis WO, et al. Aflatoxins in food: occurrence, biosynthesis, effects on 
organisms, detection, and methods of control. Crit Rev Food Sci Nutr. 
1991;30(4):403–39. https:// doi. org/ 10. 1080/ 10408 39910 95275 51.

 16. Velmurugan, Palanivel, et al. "Natural pigment extraction from five filamen-
tous fungi for industrial applications and dyeing of leather." Carbohydrate 
Polymers. 2010;79(2): 262–268. https:// doi. org/ 10. 1016/j. carbp ol. 2009. 07. 
058.

 17. Said, Farhan M., Yusuf Chisti, and John Brooks. "The effects of forced aera-
tion and initial moisturelevel on red pigment and biomass production by 
Monascus ruber in packed bed solid statefermentation." Int J Environ Sci 
Dev. 1.1 (2010): 1. https:// cites eerx. ist. psu. edu/ viewd oc/ downl oad? doi= 
10.1. 1. 675. 5781& rep= rep1& type= pdf.

 18. Cheng, Yeung-Leung, et al. "Acetone extract of Bupleurum scorzonerifolium 
inhibits proliferation of A549 human lung cancer cells via inducing apop-
tosis and suppressing telomerase activity." Life sciences. 2003;73(18):2383–
.https:// doi. org/ 10. 1016/ s0024- 3205(03) 00648-9 .2394

 19. Mansour, Ghada H et al. “Bee venom and its active component Melittin 
synergistically potentiate the anticancer effect of Sorafenib against HepG2 
cells.” Bioorg chem. 2021;116:105329. https:// doi. org/ 10. 1016/j. bioorg. 2021. 
105329.

 20. Livak, Kenneth J., and Thomas D. Schmittgen. "Analysis of relative gene 
expression data using real-time quantitative PCR and the 2− ΔΔCT method." 
Methods. 2001;25(4):402–408. https:// doi. org/ 10. 1006/ meth. 2001. 1262.

 21. Demain, Arnold L., et al. "History of industrial biotechnology." Industrial bio-
technology: microorganisms. 2017;1:1–84. https:// doi. org/ 10. 1002/ 97835 
27807 796. ch1.

 22. Lagashetti, Ajay C., et al. "Fungal pigments and their prospects in different 
industries." Microorganisms. 2019;7(12):604. https:// doi. org/ 10. 3390/ micro 
organ isms7 120604.

 23. Méndez, Alejandro, et al. "Red pigment production by Penicillium purpuro-
genum GH2 is influenced by pH and temperature." J Zhejiang Univ Sci B. 
2011;12(12):961–968. https:// doi. org/ 10. 1631/ jzus. B1100 039.

 24. Akilandeswari, P., and BV26701360 Pradeep. "Exploration of industri-
ally important pigments from soil fungi." Appl microbiol biotechnol. 
2016;100(4):1631–1643. https:// doi. org/ 10. 1007/ s00253- 015- 7231-8.

 25. dos Reis Celestino, Jessyca, et al. "Bioprospecting of Amazon soil fungi with 
the potential for pigment production." Process Biochem. 2014;49(4):569–
.https:// doi. org/ 10. 1016/j. procb io. 2014. 01. 018 .575

 26. Ong, Chon Phin, et al. "Honokiol: a review of its anticancer potential and 
mechanisms." Cancers. 2019;12(1):48. https:// doi. org/ 10. 3390/ cance rs120 
10048.

 27. Saitou, N, and M Nei. “The neighbor-joining method: a new method for 
reconstructing phylogenetic trees.” Mol biol evol. 1987;4(4):406–25. https:// 
doi. org/ 10. 1093/ oxfor djour nals. molbev. a0404 54.

 28. Mapari, Sameer A S et al. “Computerized screening for novel producers of 
Monascus-like food pigments in Penicillium species.” J agric food chem. 
2008;56(21): 9981–9. https:// doi. org/ 10. 1021/ jf801 817q.

 29. Altincicek, Boran et al. “Horizontally transferred fungal carotenoid genes 
in the two-spotted spider mite Tetranychus urticae.” Biology letters. 
2012;8(2):253–7. https:// doi. org/ 10. 1098/ rsbl. 2011. 0704.

 30. Campanhol, Beatriz Silva et al. “Improvement of DOPA-Melanin Production 
by Aspergillus nidulans Using Eco-Friendly and Inexpensive Substrates.” J 
fungi (Basel, Switzerland). vol. 9,7 714. 29 Jun. 2023, https:// doi. org/ 10. 3390/ 
jof90 70714.

 31. Han, Xuelian, et al. "Endocytic FgEde1 regulates virulence and autophagy 
in Fusarium graminearum." Fungal Genetics and Biology. 2020;141:103400. 
https:// doi. org/ 10. 1016/j. fgb. 2020. 103400.

 32. Zhang, Xianghui et al. “Septins are required for reproductive propagule 
development and virulence of the maize pathogen Cochliobolus heteros-
trophus.” Fungal genetics and biology : FG & B.  2020;135:103291. https:// doi. 
org/ 10. 1016/j. fgb. 2019. 103291.

 33. Hall EJ. Cancer caused by x-rays–a random event? Lancet Oncol. 
2007;8(5):369–70. https:// doi. org/ 10. 1016/ S1470- 2045(07) 70113-4.

 34. de Cássia Ribeiro Gonçalves, Rita et al. “Effect of biotransformation by liver S9 
enzymes on the mutagenicity and cytotoxicity of melanin extracted from 
Aspergillus nidulans.” Pharm biol. 2016;54(6):1014–21. https:// doi. org/ 10. 
3109/ 13880 209. 2015. 10918 46.

 35. Khan, Azmi et al. “Induction of Iron Stress in Hepatocellular Carcinoma Cell 
Lines by Siderophore of Aspergillus nidulans Towards Promising Anticancer 
Effect.” Biol trace elem res. 2022;200(8):3594–3607. https:// doi. org/ 10. 1007/ 
s12011- 021- 02980-z.

 36. García-Cabo P, et al. Matched-Pair Analysis of Survival in the Patients with 
Advanced Laryngeal and Hypopharyngeal Squamous Cell Carcinoma 
Treated with Induction Chemotherapy Plus Chemo-Radiation or Total Lar-
yngectomy. Cancers. 2021;13(7):1735. https:// doi. org/ 10. 3390/ cance rs130 
71735.

 37. Kajita M, et al. Platinum nanoparticle is a useful scavenger of superoxide 
anion and hydrogen peroxide. Free Radic Res. 2007;41(6):615–26. https:// 
doi. org/ 10. 1080/ 10715 76060 11696 79.

 38. Mun GI, et al. Pharmacology of natural radioprotectors. Arch Pharm Res. 
2018;41(11):1033–50. https:// doi. org/ 10. 1007/ s12272- 018- 1083-6.

 39. Saini, Ramesh Kumar et al. “Dietary carotenoids in cancer chemopreven-
tion and chemotherapy: A review of emerging evidence.” Pharmacological 
research.  2020;157:104830. https:// doi. org/ 10. 1016/j. phrs. 2020. 104830.

 40. RK Saini. Carotenoids from fruits and vegetables: Chemistry, analysis, 
occurrence, bioavailability and biological activities. Food Res Int. 2015;76(Pt 
3):735–50. https:// doi. org/ 10. 1016/j. foodr es. 2015. 07. 047.

 41. Shin J, et al. Pro-Oxidant Actions of Carotenoids in Triggering Apoptosis of 
Cancer Cells: A Review of Emerging Evidence. Antioxidants. 2020;9(6):532. 
https:// doi. org/ 10. 3390/ antio x9060 532.

 42. Saini RK, et al. Bioactive Compounds of Citrus Fruits: A Review of Composi-
tion and Health Benefits of Carotenoids, Flavonoids, Limonoids, and Terpe-
nes. Antioxidants. 2022;11(2):239. https:// doi. org/ 10. 3390/ antio x1102 0239.

 43. Terrano DT, Upreti M, Chambers TC. Cyclin-dependent kinase 1-mediated 
Bcl-xL/Bcl-2 phosphorylation acts as a functional link coupling mitotic arrest 
and apoptosis. Mol Cell Biol. 2010;30(3):640–56. https:// doi. org/ 10. 1128/ 
MCB. 00882- 09.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1001/jamaoncol.2019.2996
https://doi.org/10.1001/jamaoncol.2019.2996
https://doi.org/10.1097/CCO.0000000000000629
https://doi.org/10.1038/nrd4003
https://doi.org/10.1089/ars.2011.4414
https://doi.org/10.3389/fonc.2016.00165
https://doi.org/10.3389/fonc.2016.00165
https://doi.org/10.1155/2014/837891
https://doi.org/10.1155/2014/837891
https://doi.org/10.1351/pac199163010141
https://doi.org/10.1023/a:1021206826750
https://doi.org/10.1038/cdd.2017.44
https://doi.org/10.1111/nan.12091
https://doi.org/10.1080/10408399109527551
https://doi.org/10.1016/j.carbpol.2009.07.058
https://doi.org/10.1016/j.carbpol.2009.07.058
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.675.5781&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.675.5781&rep=rep1&type=pdf
https://doi.org/10.1016/s0024-3205(03)00648-9
https://doi.org/10.1016/j.bioorg.2021.105329
https://doi.org/10.1016/j.bioorg.2021.105329
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.1002/9783527807796.ch1
https://doi.org/10.1002/9783527807796.ch1
https://doi.org/10.3390/microorganisms7120604
https://doi.org/10.3390/microorganisms7120604
https://doi.org/10.1631/jzus.B1100039
https://doi.org/10.1007/s00253-015-7231-8
https://doi.org/10.1016/j.procbio.2014.01.018
https://doi.org/10.3390/cancers12010048
https://doi.org/10.3390/cancers12010048
https://doi.org/10.1093/oxfordjournals.molbev.a040454
https://doi.org/10.1093/oxfordjournals.molbev.a040454
https://doi.org/10.1021/jf801817q
https://doi.org/10.1098/rsbl.2011.0704
https://doi.org/10.3390/jof9070714
https://doi.org/10.3390/jof9070714
https://doi.org/10.1016/j.fgb.2020.103400
https://doi.org/10.1016/j.fgb.2019.103291
https://doi.org/10.1016/j.fgb.2019.103291
https://doi.org/10.1016/S1470-2045(07)70113-4
https://doi.org/10.3109/13880209.2015.1091846
https://doi.org/10.3109/13880209.2015.1091846
https://doi.org/10.1007/s12011-021-02980-z
https://doi.org/10.1007/s12011-021-02980-z
https://doi.org/10.3390/cancers13071735
https://doi.org/10.3390/cancers13071735
https://doi.org/10.1080/10715760601169679
https://doi.org/10.1080/10715760601169679
https://doi.org/10.1007/s12272-018-1083-6
https://doi.org/10.1016/j.phrs.2020.104830
https://doi.org/10.1016/j.foodres.2015.07.047
https://doi.org/10.3390/antiox9060532
https://doi.org/10.3390/antiox11020239
https://doi.org/10.1128/MCB.00882-09
https://doi.org/10.1128/MCB.00882-09

	Dual anticancer activity of Aspergillus nidulans pigment and Ionizing γ-Radiation on human larynx carcinoma cell line
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Materials
	Qualitative screening for pigment production
	Production of microbial pigments
	In vitro pigment extraction and assay
	GC–MS analysis and conditions
	Gamma irradiation
	Anticancer activity using MTT assay
	Cytotoxicity on normal cell
	Flow cytometry analysis of cell apoptosis
	Determination of gene expression of P53, Caspase 3 and Bcl-2
	Statistical analysis

	Results
	Qualitative screening for pigment production
	UV–visible spectroscopy analysis
	GC–MS analysis
	Antitumor activity
	Cytotoxic activity on normal vero cells
	Apoptosis by flow cytometry
	Gene expression of P53,Caspase 3 and Bcl-2

	Discussion
	Acknowledgements
	References


